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size-distributionof thesub-micronparticles
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Indian Instituteof Tropical Meteorology,Dr Homi BhahaRoad. Pashan,Pune4I I 008, India
Surfacemeasurementsof thesize-distributionof sub-
micronaerosolparticlesin therangeof 0.003to 1J.1.ID
diameterhavebeenmadeon 6-8 January 1998,at
Thiruvananthapuramduring an inter-comparison
campaignof theIndianOceanexperiment(INDOEX).
Theresultsarestudiedwithrespectothesetting-inof
thesea-andland-breezesat thestation.Observations
showan increaseof up to an orderof magnitudein
aerosolconcentrationsof all sizecategorieswith the
setting-inof thelandbreezeat 1800-19001ST.High
concentrationsof aerosolparticlesprevailthroughout
the periodof the land breezeat night-time.Aerosol
concentrationsremarkablydecreaseatabout10001ST
with the arrival of muchcleanerair with the sea
breeze.During thelandbreezeat night-time,thesize-
distributionsof aerosolparticlesis bimodalwith the
maximumat 0.075and 0.024J.1.IDdiameters.During
theseabreeze,especiallyin theafternoon,themaxi-
mumin the accumulationmodeshifts to a slightly
highersize(0.133J.1.ID)andthemaximumin thenuclea-
tionmodeseemstoshifttoasmallersize(0.013J.1.IDor
smaller).Thesize-distributioncurvesduringtheday-
timeare mostlyopen-endedat thesmallparticle-size
end. The enhancedcoagulationof aerosolparticles
andthegas-to-part,icleconversionprocesseshavebeen
proposedto explaintheshiftof maximain theaccu-
mulationmodeandtheenhancedgenerationof small
particlesin the nucleationmodein the afternoon,
respectively.
IN the absenceof 1)easonalstrongsurfacewinds,the
coastalstations,especiallyin thetropics,oftenexperience
themeso-scalemeteorologicalphenomenaof thereversal
of windsfromoffshoreto inshore(seabreeze)andfrom
inshoreto offshore(landbreeze).Thesephenomenaare
theconsequencesof theland-seathermalcontrastarising
outof thedifferentheatcapacitiesof thelandandocean.
Theonsetof sea-andland-breezearegenerallyassociated
withsharpchangesin thesurfacevaluesof temperature
and relativehumidityl.Convergencezonesassociated
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withtheonsetof theseabreezemayleadto theformation
ofaseabreezefrontwithasharpboundarl.Thesezones
producehorizontalconvergenceandverticalupdraftsover
thecoastalandwhichmaycauserecyclingof pollut-
ants3.4.Landbreeze,ontheotherhand,maycauseadvec-
tionof warmairoverthewarmermarineboundarylayer
causinghazedueto theconvergenceaccumulationof
aerosolss.Studieson accumulationof aerosolparticles
duringsea-,andland-breezesaretherefore,importantfor
thedispersionofaerosolsovercoastalareas.Forexample,
KrishnaMoorthyetal.6reportfromtheiropticaldepth
measurementsat Thiruvananthapuramthat sea breeze
frontsareassociatedwitha significantenhancementi
columnarloadingwith aerosolparticles.Lyans and
Oerson7andKeenandLyons3havestudiedtheresponse
of theshorelineindustrialexhausttothelakebreezefrom
LakeMichigan.
In thispaper,wereportourmeasurementsof thesize-
distributionof sub-micronaerosolparticlesmeasuredat
the surface level at Thiruvananthapuram(8°33'N,
76°57'E), a tropicalcoastalstation,duringthe pre-
INDOEX intercomparisoncampaignduring6-9 January
1998.Thediurnalvariationin theconcentrationof aero-
solsandtheirsize-distributionwithrespecto theeffects
of land-tosea-breezeonthemarediscussed.
Instrumentation
TheEAA systemof TSI Inc is usedtomeasuretheaero-'-
solconcentrationi thesize-rangeof 0.003~mto1.0~m
diameterin 10differentsize-ranges.It works'ontheprin-
cipleof diffusioncharging-mobilityanalysis8.Theambi-
entairissampledatarateof50Ipm.It is firstexposedto
aKr-85radioactiveneutralizerandthenpassedthrougha
mobilityanalyserwhichcontainsconcentricylindrical
electrodesanda centralcollectorod.A pre-determined
voltageis appliedbetweentheseelectrodestoproducean
electricfieldin thecondenser.Thechargedparticlesare
deflectedtowardsthecollectorodby thiselectricfield
andtheconcentrationfaerosolis measuredin termsof a
mobilityspectrum..The detailsof the instrumentare
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Diurnal variationof number.surfaceandvolumeconcentrationsof aerosolparticles.
describedelsewhere8.9.The instrumentis interfacedwith
anIBM-286PC andiscontrolledthroughaprogram.
Weather
Thesiteof observationis a plaincoastallandatVikram
SarabhaiSpaceCentre,Thiruvananthapurampproxi-
mately500minlandoff theseacoastandis closeto the
sea level.ObservationsshowthatfromNovemberto
April, thisplaceis favo,urableto seabreezeactivitylo.ll.
Duringthis period,it experienceslandbreezeduring
2100-09001STapproximatelyandseabreezeduringthe
restof theday.
The air is sampledat I m heightabovetheground.
Careis takento avoidthecondensationi theinlettube
duringhighhumidperiodandtheinlettubeis cleaned
periodically.The observationsaremadefrom0900to
2030handthroughoutthedayon8-9January1998.Five
setsof size-distributionsareobtainedateachhalf-an-hour
i,nterval.
Observations
FigureI showsthediurnalvariationsof thetotalnumber,
surfaceandvolumeconcentrationsofaerosolparticlesfor
a24hperiodon8-9 January1998.Thediurnalvariations
of aerosolnumberconcentrationsin differentsize-ranges
forthesametimeperiodareshowninFigure2.Theaero-
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Figure2. Diurnalvariation.of numberconcentrationin differentdia-
metersizeof aerosolparticles,
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solconcentrationi all thesize-rangesi lowduringthe
dayfrom1000to 1900h andsuddenlyincreasesafter
1900h.Averagevaluesof thetotalaerosolconcentration
during1000to 1900hare 4325particle/cm3andduring
2000to0900,17045particles/cm3.Theinitialincreasein
aerosolconcentrationat 1900h is suddenandlargeand
theselargevaluescontinuetoexistfor3 to5h andthen
decreaseto approximatelyhalf theirvalue.However,
throughoutthenight,thesevaluescontinuetoremainsig-
nificantlyhigherthantheirdaytimevalues.The per-
centagedifferencesin thedaytimeandnight-timevalues
of particleconcentrationsi relativelysmallerin the
smallestsize-rangewithmeansizeof 0.013~mascom-
paredto othersize-ranges.Theaerosolconcentrationi
all size-rangesagainshowsanincreaseat about0600h
beforecomingtothedaytimelowvalueat0900h.
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Althoughsize-distributionof particlesaremeasuredat
eachhalf-an-hourinterval,toavoidcrowdinginFigure3,
thecurvesfor onlyhourlyobservationsareplotted.The
half-hourlyin-betweensamplesfollowthesimilartrends.
Size-distributioncurvesfordaytimeandnighttimeobser-
vationsformtwoquitedistinctgroups.Size-distributions
aregenerallybimodalwiththeirmaximaat 0.075and
0.024~m duringnight-time(1900 to 0900h). After
0900h, thecurvessignificantlylowerdownbutmostly
remainbimodalupto 1400h withslightshiftin maxima
in theaccumulationmodetowardsthehighersize.During
daytime,especiallyin theafternoonhoursfrom1400to
1800h,theshiftinmaximain theaccumulationmodetoa
higherdiameter(0.133~m)is distinctandthemaximain
thenucleationmodeseemsto shift to smallerdiameter
(0.013~mor smaller).As a resultof theincreasein the
8-9January1998
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Figure3. Sizedistributionof aerosolpaniclesinthesizerange0.013-0.75~ diameter.
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concentrationof small particles,the size distribution
curvesduringdaytimearemostlyopen-endedatthesmall-
particleside.
We havedescribedour observationonly for 8-9
January1998.However,thetrendsin theconcentrations
andsize-distributionsof aerosolparticlesduringthepe-
riod of observationon otherdaysshowalmostsimilar
trendsofdiurnalvariation.
Discussion
Our observationseffectivelydemonstratehecleansing
effectof theseabreezefor surfaceaerosolsin thesub-
micronrangeoverthecoast.Theprevailingwindduring
thedayfrom 1000to 1800h at thisstationis thesea
breeze.Slowly,thewindbecomescalmandchangesits
direction.Land breezesetsin at 1900h. The sudden
enhancementi particleconcentrationat1900his closely
associatedwith thechangein thewinddirection.This
effecthasalsobeenobservedearlier6,12.Higherconcen-
trationsof aerosolparticlesobserveduringthefirstfew
hoursof thewinddirectionreversalareperhapsduetothe
accumulationf particlesin thestagnantairovertheland.
Similarly,somewhatincreasedvaluesof aerosolconcen-
trationsin themorninghoursmayresultbecauseof their
reducedadvectionfromlandtooceanastheconvergence
zoneshiftsclosertothecoast.
Aerosolparticlesoverthecoastareamixof themarine
andlandaerosols.Throughouttheperiodof the land
breezeatnight-time,size-distributionsof aerosolparticles
remainbimodal.In thepresenceof solarradiationduring
the daytime,the productionof smallparticlesin the
nucleationmodedueto gas-to-particleconversionpro-
cessesbecomesprominent.Consequently,the particle
size-distributions,e peciallyin theafternoon,showrela-
tivelyhigherconcentrationsofsmallparticlesandbecome
open-endedatthesmall-particleend.Thesystematictran-
sitionof particlesize-distributionsto bimodalnaturein
theeveninghoursconfirmstherole of gas-to-particle
conversionprocessesin generatingsmallparticlesin the
nucleationmode. .
Dueto relativelylargerconvectivevelocitiesandthe
enhancedlevelof turbulenceduringthedaytime,theaero-
solparticleshavelargeresidencetimein theatmosphere.
Therefore,theygetmoretimetocoagulateandgrowto
largersizesbeforedepositingto thesurface.Theshiftof
maximaon largersize in thedaytimesize-distribution
curvesofaerosolparticlesconfirmsthishypothesis.
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